renal countercurrent system are constructed on the assumptions that the entire limb is the site of active reabsorption of sodium chloride and restricted hydraulic conductivity (9, 12, 22, 27) . The combination of these functional properties should lead to the removal from the tubular lumen of a hypertonic reabsorbate, rendering the tubular fluid hypotonic with respect to the adjacent interstitium.
Since fluid at the beginning of the distal tubule is invariably more dilute than systemic blood (g), these assumptions are probably correct for the thick portion of the ascending limb in the outer medulla. Comparable information is not available about the function of thin ascending limbs in the inner medulla whose tubular cells lack cytological specializations usually associated with active transport (2 I) .
Gottschalk
and Mylle (9) found that fluid at the bend of the loop had the same osmolality as blood from adjacent vasa recta, indicating that the hydraulic conductivity of the thin descending limb is sufficient for water to remain near equilibrium as the tubular fluid moves through regions of continually changing osmolality.
There is no evidence to indicate whether sodium chloride is actively transported, and since the fine structures of the descending and thin ascending limbs are so similar that they cannot be differentiated in electron micrographs (IS>, there are also reservations about the ability of the former to perform osmotic work.
In I) The volume of the perfusion solution did not decrease after puncture of the tubule with the collection pipette, indicating that there were no leaks at the puncture site.
2) Small drops of oil extruded from the collection pipette were restricted to the lumen of the perfused tubule.
3) The column of perfusion solution decreased only when negative pressure was applied to the collection pipette.
4) With continued negative pressure the oil columns closed until the oil at the end of the perfused segment could be aspirated into the collection pipette.
After completion of the collection, the pipette was withdrawn from the tubule into the oil pool covering the papilla, and additional oil was drawn into the pipette to prevent evaporation from the orifice. As soon as possible after these procedures were completed, collection of the vasa recta specimen was begun using another oilfilled single micropipette.
A drop of oil was extruded into an ascending vas rectum, and the rate of collection adjusted to main .tain a constant position of the oil drop. Unfortunately, it was not possible to randomize the order of collection of perfusate and blood specimen since the vessels bleed vigorously after the pipette is withdrawn; the blood escaping from the puncture site quickly covers the surface of the papilla, obscuring vision and making further punctures difficult. Specimens of normal tubular fluid were collected for analysis by standard micropuncture techniques.
In these experiments, single-channel micropipettes filled with paraffin oil were introduced into the tubule lumen, a small droplet of oil extruded, and the collection rate again adjusted so as to maintain a constant position of this droplet distal to the collection site. Vasa recta specimens were also collected in these experimen ts.
The perfusate specimens and the corresponding vasa recta samples were analyzed for sodium or chloride concentrations, or for osmolality; sodium, potassium, or chloride concentrations were measured in normal tubular fluid collected during free flow, and in their matched plasm as. Sodium was measured with a Beckman DU flame spectrophotometer and an integration amplifier. Aliquots of standard solutions and specimens were taken up in an oil-filled siliconized Kimax glass volumetric pipette (I 6) and discharged into 5-pliter drops of doubly quartz-distilled water lying on a parafilm sheet. These drops were then aspirated into the total consumption burner of the DU and the photocurrent generated by each specimen integrated.
The time-integral voltage was linearly proportional to the total quantity of sodium in the 5-pliter drop. Microperfusion specimens ranged in volume from 50 to I oo pliters; I When either sodium, potassium, or chloride were to be measured the animal received heparin (I 2.5 IU) intraperitoneally 15 min prior to collection of vasa recta specimens. The blood was centrifuged and the cells were discarded; the analyses were performed on the remaining plasma.
Freezing-point measurements were made on whole blood. Specimen pairs were discarded when visual evidence of hemolysis could be detected in the plasma. All analyses were performed on the day of collection. Electrical potential differences were measured with glass microelectrodes prepared and selected by methods described previously (I 3, 18) . A length of polyethylene (I, g, I 2, 22, 27 and raffinose solutions, we tried to repeat measurements several times on the same tubule by injecting more oil, followed by a fresh column of perfusion solution which was then sealed from the puncture site with yet more oil. After the procedure was repeated two or three times 1t became apparent that the tubule was distended and th .e oil-water menisci were markedly deformed. These changes were associated with a decrease in volume of the perfusate. Further repetition of the procedure led to greater distention and deformati .on of the oil-water menisci and progressive reduction of half-vol ume reabsorntion times to I set or less.
The extent of tubular distention is indicated in Table I were carried out with 450 mM NaCl in loops of Henle in antidiuretic hamsters, care being taken to avoid distention of the tubules. After the perfusion fluid had been in the lumen for at least 2 min, the perfusate was collected, blood from an adjacent vas rectum was drawn, and the appropriate analyses were performed.
Detailed results of these analyses are presented in Fig. 3 and summarized in chemical potentials for both sodium and chloride are not different from zero when the net ion fluxes are zero, from which it can be inferred that these segments of the nephron do not perform work to prevent these ions from relaxing to their minimal partial free energy gradient.
Electrzcal gradients. When this study was begun, the electrical potential differences across nonperfused medullary tubules with an intact flow of tubular fluid had not been reported, and, in addition, these measl nements were made for comparison with potential differences in perfused tubules.
The results are presented as histograms in Figs. 4 and 5, and summarized in Table 3 . Potential differences measured across the vasa recta and the descending limb of Henle's loop were smal and indicate that the two structures are isopotential; the mean value for thin ascending limbs was -9 mv, lumen negative, while the collecting duct average was -I 7 mv, lumen negative. These values are in close agreement with those reported recently by Windhager (25). During osmotic diuresis, the descending limb potential remained the same as in antidiuresis. In contrast, the lumenal negativity of ascending limbs found in antidiuresis disappeared during mannitol diuresis. Potentials were also measured in loops of Henle perfused in the same manner as for the experiments described above. The results of these measurements are also presented as histograms in Fig. 4 the inflow stops when the intraluminal salt concentration reaches a level lower than that of the surrounding interstitium, but high enough to permit tubular transport mechanisms to maintain a balanced state in which the net transtubular flux is approximately zero. The osmotic gradient due to the difference in salt concentrations does not produce a water flow because of the presence of raffinose in the tubular lumen. In practice, once this maximum volume is achieved a subsequent volume decrease is seen due to the slow permeation of raffinose out of the lumen. Since raffinose efflux is rate limiting on the system, the ionic composition of the tubular fluid remains constant during this phase. If there were no active salt transport it is evident that a balanced state could not be achieved and the inflow of salt and water would continue until all electrochemical gradients were obliterated. Since this condition can be fulfilled only when the raffinose present in the initial perfusate is diluted infinitely, one could expect that the volume inflow would continue more or less indefinitely. This prediction is fulfilled by both ascending and descending limbs, as can be seen from Fig. 2 .
U
The res ults of electrochemical potential gradient meas-.remen ts during stopped-flow microperfusion experiments also confirm the conclusion that neither ascending nor descending limbs have active ion transport capabilities. Active transport is usually defined as the movement of an ion against an electrochemical gradient, requiring the expenditure of metabolic energy. This definition is formally identical with the statement that active transport is present if the measured electrochemical potential gradient of an ion is not zero when the net flux is zero, since this circumstance is possible only if work is done to transport the ion. Figure 3 and Table 3 show that in the stationary state achieved during stopped-flow microperfusion with saline the perfusate sodium and chloride concentrations are essentially the same as in the adjacent vasa recta plasma, regardless of the absolute value; since the measured electrical potential difference is also zero, it follows that the condition for passive transport of both ions is fulfilled in both descending and thin ascending limbs. It should be noted that the saline perfusion solutions differed somewhat in their salt concentrations from the interstitial fluid, and in addition contained no other solutes normally present. The volume changes observed with raffinose solutions indicate that water can traverse the epithelia when driving forces for such movement are present, and osmolality measurements from NaCl perfusion experiments show further that no osmotic gradient is present in the stationary state. Thus, water impermeability need not be considered as an alternative cause of the nonreabsorption of NaCl perfusates. As noted under METHODS, 3-5 set elapsed between initial introduction of the perfusion solution and final sealing off of the perfused segment. The question as to why no initial volume changes were observed can be most reasonably explained by assuming that the equilibration process is completed within this time interval. The details of the relaxation process have no bearing on the interpretation of the results during the stationary state; the nonreabsorption of a solution whose essential solute composition is known to be identical to the interstitial fluid is strong evidence that active solute transport mechanisms are not operating.
Actually, none of the results reported here can exclude the possibility that a weak active transport system is present but is being short circuited by passive fluxes of greater magnitude than the pump flux. The effective osmotic work available from such a system would be severely limited, and it is unlikely to be capable of delivering the hypertonic reabsorbate required by most current hypotheses of renal countercurrent function. The results of perfusate analysis also provide data bearing on the question of urea distribution across thinlimb epithelia.
The major solutes of the medullary interstitium are NaCl and urea. The initial saline perfusion solutions contained no urea, but the final osmolalities and NaCl concentrations of perfusates were the same as in vasa recta adjacent to the perfused segment. It therefore follows that the final non-NaCl solute concentrations of the perfusate and vasa recta were identical.
Hence it can be inferred that urea entered the perfusate across the epithelia, and that in the stationary state no force was present to maintain a concentration gradient.
Could 
